Direct potable reuse (DPR) can be more economic than indirect potable reuse as no environmental buffer is needed and conveyance and blending of the purified water with other potable sources is basically less expensive. Long-term experience in Windhoek ( 
INTRODUCTION
Due to severe water stress, in many regions (southern Africa, southwest USA, Australia, etc.) the practice of indirect and direct potable reuse (IPR and DPR, respectively) has to be employed in order to secure the drinking water supply.
The Orange County Groundwater Replenishment System and the Singapore NEWater scheme (blending in reservoirs)
are prominent examples of IPR.
In India, e.g. in the Bengaluru (Bangalore) metropolis with its ten million inhabitants, both IPR and DPR are being considered in order to cope with the water crisis 
METHODS
The long-term DPR experience in Windhoek is described and the non-reverse osmosis (non-RO), multiple barrier system employed is compared with the newer DPR schemes using reverse osmosis (RO). The interest in non-RO systems would appear to be increasing as sustainability and efficiency is improved (no generation of brines and lower power consumption). Within this context, the advantages and disadvantages of both schemes are addressed and subsequently topics such as operational and economic feasibility, key quality factors, ozonation impact, antimicrobial resistance and brine management are discussed. Table 1 provides an overview of the major DPR projects and includes information with regard to the type of water reclamation plant (WRP) inlet (source water), reclamation plant capacity, reclamation process, blending with other water sources and the additional treatment of the blended water.
DPR FACILITIES

Windhoek, Namibia
In Windhoek, domestic secondary effluent is used for potable reclamation. In order to attain the highest possible safety levels for this sensitive practice, a multiple barrier approach is employed (Lahnsteiner et al. ) . There are three types of barriers comprised of non-treatment (management), treatment and operational barriers. Average ratio, maximum permitted portion of reclaimed water is 35%; however, in the current emergency situation the reclaimed water portion could rise to 40%. The reclaimed water will be pumped to Lake Arrowhead for blending with raw dam water. The upgrades include a 27 km-pipeline, the installation of disc filters, aeration sys- Cloudcroft, New Mexico, USA
The village of Cloudcroft is a mountain community with limited groundwater resources and no surface water resources.
During the peak tourist season the population doubles or trebles and it is difficult to meet potable water demands.
As a result, a DPR scheme has been developed. The reclamation plant (379 m 3 /day) consists of an MBR followed by RO and AOP. The reclaimed water is then blended with ground and spring water (>51%) and stored in an engineered storage buffer (two-week retention period). The blend is further treated by an advanced water purification system (UF, UV disinfection, GAC and chlorination). The project has been delayed due to budget overrun and suboptimum project execution, but is now back on track (GWI b).
El Paso, Texas, USA El Paso Water Utilities is developing a DPR scheme for the reclamation and direct reuse of unchlorinated secondary effluent (from the Roberto R. Bustamante Waste Water Treatment Plant) for the augmentation of its potable water supply. It is planned that the reclamation plant (advanced water purification facility) will transfer the reclaimed water directly to the distribution system (pipe-to-pipe blending).
At present, an advanced process is being piloted. The process units employed consist of membrane filtration 
RESULTS AND DISCUSSION
NGWRP produces continuously good water quality that consistently meets the required final water specifications (van der Merwe et al. ; du Pisani & Menge ). 
Operational and economic considerations
The total log removal values (LRVs) achieved for microorganisms by the Windhoek treatment barriers (Gammams Water Care Works and NGWRP water reclamation process) are as follows: 12.4-13.9 log for viruses, 15.2-15.7 log for 
Brine disposal considerations
As can be seen in Table 1, all Another ozonation by-product is N-nitroso-dimethylamin; a preliminary grab sample regime has shown that this is not present in the final water. A more detailed examination is to be conducted in the near future.
DOC removal considerations Figure 4 shows the DOC removal using the major NGWRP process phases (pre-treatment, DAF, DMF, main ozonation, BAC, GAC and UF) in the period from June to December 2012.
As DOC (in this case aDOC) removal is an important design parameter, a quantitative assessment has been conducted (Table 4) . Within this context, the major aim was to quantify statistically the DOC removal rates (aDOC removed ¼ aDOC in -aDOC out ) in all the aforementioned process units by calculating the average values and standard deviations. In addition, outlier tests were conducted and the values identified as outliers were eliminated.
As can be seen in this table, the highest ( However, reviewing the number of published findings on the obstacles hindering global water reuse, the following were seen as the primary problems (van Rensburg ), especially as far as DPR is concerned:
1. Public perception/acceptance.
2. Appropriate/standardized technical solutions.
3. Monitoring/management of health considerations and risks.
4. Reuse not being a part of integrated water supply strategies.
5. Water pricing and business models.
6. Regulatory and policy issues (lack of local/regional/ global standards/best practice).
The implementation of water reclamation and reuse therefore not only suffers from technical barriers (2 and 3 above), but also faces other, often far more intimidating challenges such as a limited institutional capacity, a lack of financial incentives and public perceptions with regard to water reclamation and reuse.
Nevertheless, it can be predicted that by far the greatest emphasis will be placed on managing health risks on a level at which public acceptance can be obtained. These two interlinked obstacles are expected to remain at the forefront of emerging DPR schemes, together with technological advances that are seen as presenting publicly acceptable, technologically robust and economically sound solutions.
For the city of Windhoek the future is unmistakably tied to intensified water reuse to a point at which the motto of 'every drop counts' becomes a reality to each and every citizen. Building on the success attained by past generations, the planning of an additional direct potable reclamation facility is currently ongoing in an effort to secure mediumterm water supply as an economically feasible alternative.
CONCLUSIONS
Both the Windhoek experience and the other DPR installations demonstrate that treated domestic and municipal used water can be utilized successfully (safely and economically) for potable reuse. However, non-RO schemes would appear to be more sustainable than RO schemes. The major reasons are the generation of brines and the higher energy demand in schemes employing RO. On the contrary, a distinct disadvantage of non-RO schemes using ozone is the formation of bromate, although this can be managed by means of a proper ozonation design and operational control.
The multiple barrier approaches employed in both types of schemes guarantee reclaimed water of a quality that constantly meets all the required drinking water standards and is superior to that of conventional sources. The major challenges facing the promotion of DPR are reclamation process optimization (increased sustainability) and the attainment of greater public acceptance. In Windhoek, the inhabitants have accepted DPR, as there are no other affordable choices and since the beginning of potable reuse 48 years ago, no DPR-related outbreaks have been experienced. DPR can be more economic than IPR as no environmental buffer is needed and conveyance and blending of the purified water with other potable sources is basically less expensive. In general, it can be stated that there appears to be no reason why DPR should not become a common and widely used water management option within the next 5 to 10 years.
